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(57)Abstract: 

PURPOSE: To provide LED's high in reliability, capable of maintaining a stable 
output even in high temperature and humidity. 

CONSTITUTION: In a light emitting diode, nitride gallium group compound 
semiconductors 2 are stacked on a sapphire substrate 1 to obtain a light emitting 
chip of which a sapphire substrate 1 surface is arranged on a supporter 14 via 
adhesives 13. and the entire light emitting chip is molded. The light emitting chip is 
adhered with adhesives 13 composed of a resin having a smaller hardness than 
mold resin 1 5. 
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CLAIMS 



[Claim(s)] 



[Claim 1] It is the light emitting diode characterized by having pasted up with the adhesives with which the silicon-on-sapphire side of 

^i^Tr^H W K hiCh * C ° me , S u ° Ut ,aminating ° f the ga,Hum nitride System COmpound ^conductor on si icon 

on sapph.re » installed on a base matenal through adhesives, and the whole luminescence chip consists of resin with a degree of 

5^0^^; ^er which the mo,d of said ,uminescenc e chip was carHed ° ut in the ,ight emitdng di ° de «** ™- 

[Claim 2] Light emitting diode according to claim 1 with which the hardness difference of said adhesives and mold resin is characterized 
by a certain thing ten or more with the Rockwell hardness in 25 degrees C cnaractenzed 

nf / emiU ? g di ,°, de aCC / r oi ng l ° C,3im \ Characteri2ed b * for said ad ^ s *ves being rubber-like elasticity resin, and Rockwell 
hardness L in / in said mold restn / 25 degrees C ] being 80 or more resin 

adSvel wSSJdJSrf*' " 1 ^ ° f C ' aim 1 CharaCt6riZed by 3 - bbe - like -ntaining in said 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The luminescence chip which consists of a gallium nitride system compound semiconductor (InXAIYGa1-X-YN, 0 
<=X, 0<=Y, X+Y<=1) on silicon on sapphire makes silicon on sapphire an adhesion side, it pastes up on a base material, and this invention 
relates to light emitting diode (LED) equipped with the structure where the mold of the whole was carried out by resin 
[0002] 

[Description of the Prior Art] Recently, the blue LED and bluish green color LED which considers a gallium nitride system compound 
semiconductor as a luminescence chip was just put in practical use. The structure of the LED is shown in drawing 3 . It comes to form 
the gallium nitride system compound semiconductor layer 2 which carried out p-n junction of the luminescence chip on silicon on 
sapphire 1, and silicon on sapphire 1 and a leadframe 4 are pasted up with adhesives 3, and the mold of the whole is carried out by resin 
5. The epoxy resin is used for adhesives 3 and mold resin 5. Adhesives 3 are the purposes which are made to reflect luminescence of 
the gallium nitride system compound semiconductor layer 2 which penetrated silicon on sapphire 1 by the 4th page of a leadframe. and 
are taken out to a luminescence observation side side, although the adhesives 3 further protruded from the adhesion side turn to the 
2nd page of a gallium nitride system compound semiconductor layer, it is the purpose which does not make inter -electrode short- 
circuit, and it is transparent and the epoxy resin which has insulation is used. The buffer layer to which the gallium nitride system 
compound semiconductor layer 2 becomes order from a silicon-on~sapphire 1 side from GaN, n type layer which consists of GaN, n 
mold cladding layer which consists of AIGaN. and the barrier layer which consists of InGaN, p mold cladding layer which consists of 
AIGaN. and p mold contact layer which consists of GaN are made into terrorism structure to the double by which the laminating was 
carried out to order. According to this structure LED indicates the highest ever engine performance to be forward voltage (Vf)3.6V, the 
peak emission wavelength of 450-520nm. the luminous intensity of 1 cds or more, and 1.2mW or more of radiant power outputs in blue 
LED and bluish green LED in forward current (If)20mA. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the property of said blue LED and the bluish green color LED had satisfied the 
specification enough in anticipated-use conditions, it had a still inadequate point. For example, when a continuation lighting trial is 
performed under a high -humidity/temperature condition like 85 degrees C and 85%RH. there is a fault that the fall of an output is large. 
For example, in the part, there are some to which the output after 500-hour progress falls to 60%. Since LED is the luminescence device 
excellent in dependability, it is necessary to realize blue LED which can maintain the output stabilized under the above high- 
humidity/temperature. 

[0004] Therefore, it is in raising the dependability of LED which considers a gallium nitride system compound semiconductor as a 
luminescence chip, and the place which it is made in order that this invention may solve this problem, and is a thing, and is made into 
that purpose has declined [ the output ] to realize little LED. even if it specifically uses it under a severe condition 
[0005] 

[Means for Solving the Problem] As for LED of this invention, the silicon-on-sapphire side of the luminescence chip with which it comes 
to carry out the laminating of the gallium nitride system compound semiconductor on silicon on sapphire is installed on a base material 
through adhesives. and the whole luminescence chip is further characterized by having pasted up said luminescence chip in the light 
emitting diode which comes to carry out mold by resin with the adhesives which consist of resin with a degree of hardness smaller than 
the resin by which mold was carried out. | | | 

[0006] The structure of LED of this invention is shown in drawing 1 . The configuration of a fundamental luminescence chip is not €JO 
different from the conventional LED of drawing 5. and is using as the ingredient with a degree of hardness smaller than mold resin 15 — 
the property of adhesives 13 in which the silicon on sapphire 1 and the leadframe 14 of a luminescence chip are pasted up. 
[0007] In case it is necessary to choose an ingredient with a degree of hardness smaller than mold resin 15 for example, and mold resin 
15 uses the epoxy resin of the Rockwell (M) degree of hardness (Rockwell hardness shall point out the value in 25 degrees C in this ^ 
specification hereafter) 120, soft ingredients, such as an epoxy resin smaller than 120, a urea resin, acrylic resin, and silicone resin, are gf/^ 
used for adhesives 13. The degree of hardness is not expressed with the ingredient which has the elasticity of the shape of rubber iike F ^ 
silicone resin with Rockwell hardness, for example, is expressed with it that it is also at the value of JIS-A, and can use preferably 



CO 



silicone resin with the value smaller than 60 with it. In adhesives 13, it is desirable for a hardness difference with mold resin 15 to 
choose 20 or more things still more preferably ten or more with Rockwell hardness. When a mutual hardness difference chooses a large 
thing, the stress concerning a chip becomes small and the dependability of LED improves. Even if it specifically uses it by the severe Jn 
condition, it is rare for an output to decline. 

[0008] Furthermore, although the above adhesives 13 are transparent, and adhesives 13 are transmitted to the side face of a 

luminescence chip and turn even to the p-n junction interface of a semi-conductor layer as shown in drawing 1 since it has insulation, it ^\ 

does not make inter-electrode short-circuit. And since adhesives 13 penetrate luminescence which penetrates silicon on sapphire 1 V-/ 

since it is transparent, and it is reflected by the 14th page of the leadframe which is an adhesion side, it is possible to take out 

luminescence outside effectively. Moreover, since the adhesive strength of a chip is heightened, it is also possible to make [ many ] the — ^ 

amount of adhesives intentionally. From the above mentioned, there is elasticity in the ingredient used for adhesives 13 most, and 

especially insulating and transparent silicone resin can be recommended to it. 

[0009] 

[Function] Closure resin carries out thermal expansion by generation of heat of a luminescence chip, distortion by expansion and 
contraction has a bad influence on a luminescence chip, and reducing the output of LED is known. As this cure, the resin (for example. 



silicone resin) with which coefficients of thermal expansion differ as a buffer coat on the front face of a luminescence chip was covered 
with the former, and it was referred to as LED by carrying out the mold of the epoxy resin on that resin by it. 

[0010] However, in this 'invention, it succeeded in making stress concerning a chip small and preventing the loss of power of LED by 
preparing a buffer coat in the adhesion side instead of a front face of a chip like before by using the structure peculiar to a gallium 
nitride system compound semiconductor luminescence chip of having the insulation and transparence substrate which are called 
sapphire. 

[001 1] First, by LED of claim 1, by choosing what has a degree of hardness smaller than mold resin for the ingredient of the resin on 
which a chip is pasted up, a buffer coat is prepared between silicon on sapphire and a base material, and the stress which starts a chip 
as this buffer coat is also can be eased. 

[0012] In claim 3, adhesives were used as the resin which has the elasticity of the shape of rubber, such as silicone resin, as a 
combination with the largest effectiveness, and the resin which can express degrees of hardness, such as epoxy and an acrylic, for mold 
resin with Rockwell hardness is chosen. The absorptive power of the resin which has rubber-like elasticity is also large, and in LED of 
this invention, it is most suitable as adhesives, and if mold resin has Rockwell hardness smaller than 80. it is unsuitable as closure resin 
of LED. 

[0013] Moreover, as claim 4 shows, even if it adds a rubber-like particle into the ingredient of adhesives. it is possible to give elasticity 
to adhesives. As for a rubber particle, it is desirable that the particle size chooses still more preferably 0.5 micrometers or less of things 
0.1 micrometers or less. It is because adhesives will become opaque and it will be hard coming to penetrate luminescence, if larger than 
0.5 micrometers. Therefore, as for a rubber-like particle, it is desirable to choose the thing of transparence or white. However, in this 
specification, transparence means that the luminescence wavelength of a gallium nitride system compound semiconductor layer is 
penetrated, and does not necessarily mean colorless transparence. Moreover, white shall mean the white which has the reflection factor 
which reflects luminescence of a gallium nitride system compound semiconductor layer. 

[0014] While mixing in adhesives according to claim 1 and giving elasticity, it is good also as a filler, and it mixes in the adhesives of the 
shape of rubber which has elasticity from the beginning like claim 3 further, and a rubber particle is good also as a fiiier. If an ingredient 
with the larger heat conductivity than the ingredient which uses the ingredient of a rubber particle for adhesives preferably is chosen, it 
will become possible to be efficient and to tell generation of heat of a chip to base materials, such as a leadfrarne, and the life of a chip 
will improve. 

[0015] It is also possible to increase the amount of adhesives intentionally like drawing 1 . and to heighten adhesive strength, since 

adhesives are resin equipped with insulation further again, and since the amount was increased temporarily and a component is not 

destroyed even if adhesives touch the p-n junction interface by the side of a semi-conductor layer, LED excellent in dependability can 

be offered. 

[0016] 

[Example] 

A GaN buffer layer, an Si dope n mold GaN layer, the Si dope n mold AIGaN cladding layer, the Si+Zn dope InGaN barrier layer, the Mg 
dope p mold AIGaN layer, and the Mg dope p mold GaN layer prepared for the front face of the silicon on sapphire of [example 1] 2 inch 
phi the wafer by which the laminating was carried out to order. After etching the gallium nitride system compound semiconductor layer 
side of this wafer in a predetermined configuration, according to the conventional method, the positive electrode was formed in the n 
mold GaN layer at n electrode and the p moid GaN layer. After electrode formation, the wafer was taken a break on 350-micrometer 
square with the scriber, and the LED chip was obtained. Next, this LED chip was set to the die bonder the whole wafer. 
[0017] The leadfrarne for finishing setting up to LED of structure as shown in a die bonder at draw]ngj_ was set and adhesives 13 were 
poured in with the dispenser into the cup of a leadfrarne 14. Degree-of-hardness [ after hardening ] (JIS-A) 32 and coefficient-of- 
thermahexpansion 3x10-4/degree C and transparent and colorless silicone resin were used for adhesives 13. After carrying out die 
bond of the LED chip into a cup, it heated at 150 degrees C and adhesives were stiffened. Wire bonding was performed to the electrode 
of an LED chip by the wire bonder after adhesive setting. 

[0018] After transporting the leadfrarne which the LED chip pasted up to mold equipment finally and carrying out the mold of the whole 
chip by resin 15. it heated at 120 degrees C, resin 15 was stiffened, and the LED lamp of structure as shown in drawing 1 was obtained. 
Resin 15 used the Rockwell hardness [ after hardening ] 1 15. and coefficient-of-thermal-expansion 7.8x10-5/degree C transparent and 
colorless epoxy resin. 

[0019] When the LED lamp created as mentioned above was made to turn on in ordinary temperature, in If20mA. they were Vf3.6V, the 
peak emission wavelength of 450nm. luminous-intensity 1200mcd, and 1.8mW of radiant power outputs. Moreover, these 100 LED lamps 
were independently extracted at random as an acceleration test, and under the high-humidity/temperature condition of 85 degrees C 
and 85%RH, there is that [ no ] to which the output fell 40mA rapidly when it carried out continuation lighting for 500 hours and 
compared with the first output, a sink and, and it was in **3% of range 95% altogether compared with the first output. 
[0020] At the time of [example 2] die bond, used as Rockwell hardness [ after hardening] 97, and coefficient-of-thermal-expansion 
8.5x1 0-5/degree C. and a transparent and colorless epoxy resin the adhesives with which a dispenser is filled up, and mold resin was 
further used as Rockwell hardness 117 and coefficient-of-thermal-expansion 7.8x10~5/degree C and a transparent and colorless epoxy 
resin, and also the LED lamp was created like the example 1. When these 100 lamps were extracted similarly and the high- 
humidity/temperature trial was carried out in 40mA for 500 hours, there is that [ no ] to which the output fell rapidly, and it was in **4% 
of range 87% altogether. 

[0021] What mixed the white rubber-like particle with a mean particle diameter of 0.1 micrometers for the adhesives with which a 
dispenser is filled up at the time of [example 3] die bond 10% of the weight to Rockwell hardness [ after hardening ] 97 and coefftcient- 
of-thermal-expansion 8.5x1 0-5/degree C and a transparent and colorless epoxy resin was used. Furthermore mold resin was used as 
Rockwell hardness 117 and coefficient-of-thermal-expansion 7. 8x1 0-5/degree C and a transparent and colorless epoxy resin, and also 
the LED lamp was created like the example 1. When the high-humidity/temperature trial of these 100 lamps was similarly carried out by 
40mA for 500 hours, there is that [ no ] to which the output fell rapidly, and it was in **3% of range 92% altogether. 
[0022] An example 4 is explained based on [example 4] drawjng_2 . Although especially a fundamental configuration is not different from 
drawing 1 , it is using the base material of an LED chip as the ceramic substrate 24. The electrode pattern is beforehand formed in this 
ceramic substrate 24. and wire bonding of the electrode of an LED chip is carried out to the patternized electrode. 
[0023] Die bond of the silicon on sapphire of the LED chip of an example 1 was carried out to the position of the ceramic substrate 
installed in the die bonder with adhesives 23. What mixed the white rubber particle with a particle size of 0.1 micrometers 5% of the 
weight as a filler to degree-of-hardness [ after hardening ] (JIS-A) 32 and coefficient-of-thermal -expansion 3x10-4/degree C and 
transparent and colorless silicone resin was used for adhesives 35. 

[0024] Next, after connecting the electrode of an LED chip, and the electrode of a ceramic substrate by the wire bonder, the LED chip 



was closed by resin 2o with mold equipment. The Rockwell hardness L after hardening J 110 and coe'fficient-or-tnermal-expansion 
7.§x10-5/degree C transparent and colorless epoxy resin was used for resin 25. 

[0025] When extracting 100 pieces from the LED lamp created as mentioned above and carrying out continuation lighting under 40mA 
and a high-humidity /temperature condition for 500 hours, there is that [ no ] to which the output fell rapidly, and it was in **4% of range 
95% altogether compared with the first output. 

[0026] In the [example of comparison] example 1, the same resin as mold resin was used for the adhesives at the time of die bond, and 
also LED was obtained similarly. When the high-humidity/temperature trial of these 100 LED lamps was carried out similarly, the output 
declined even to **10% 70% in 500 hours. 
[0027] 

[Effect of the Invention] as explained above, since LED of this invention can ease the stress which starts a chip by generation of heat 
of a chip by using as resin with a degree of hardness smaller than mold resin the adhesives on which a chip is pasted up in an adhesives 
layer, the dependability of a chip can be boiled markedly and it can raise it. Moreover, it is also possible to form the resin layer which 
turns into buffer coats, such as silicone resin currently performed conventionally, as a buffer coat between the gallium nitride system 
compound semiconductor layer of a chip and mold resin as other techniques. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The type section Fig. showing the structure of the LED lamp of one example of this invention. 
[QrawngJZ]. The type section Fig. showing the structure of the LED lamp of other examples of this invention. 
[Drawing 3] The type section Fig. showing the structure of the conventional LED lamp. 
[Description of Notations] 

1 .... Silicon on Sapphire 

2 .... Gallium Nitride System Compound Semiconductor Layer 

13 23 Adhesives 

15 25 Mold resin 

14 24 Base material 
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